Simultaneous enrichment broth (SEB) was developed for the single-enrichment simultaneous screening of six major food poisoning bacteria. After enrichment in SEB for 18 h at 37℃, viable counts of six major food poisoning bacteria (Staphylococcus aureus, Salmonella spp., Escherichia coli O157:H7, Vibrio parahaemolyticus, Bacillus cereus, and Listeria monocytogenes) were sufficient for 5' nuclease multiplex real-time PCR assay using existing primers and probes. By labeling the probes with three different fluorescent dyes, the assay could be carried out in 2 tubes. The whole process, including enrichment and PCR, was completed within 24 h and the detection limits for the target bacteria from the food sample (boiled chicken) were 36 cfu/25 g for S. aureus, 5.3 cfu/25 g for Salmonella spp, 2.9 cfu/25 g for E. coli O157:H7, 2.0 cfu/25 g for V. parahaemolyticus, 5.5 cfu/25 g for B. cereus, and 6.2 cfu/25 g for L. monocytogenes. The results were comparable to conventional methods that require 4-6 days.
Introduction
In 2006, the Japanese Ministry of Health, Labour, and Welfare reported 1,491 outbreaks of foodborne illness caused by pathogens, sickening over 39,000 people. Among the pathogens, Salmonella spp., V. parahaemolyticus, and S. aureus were the leading causes of illness. Though the number of outbreaks and cases were few by pathogenic E. coli, it is a bacterium of concern because it can cause severe disease syndromes, including diarrhea, hemorrhagic colitis, hemolytic uremic syndrome, and thrombotic thrombocytopenic purpura (Doyle, 1991) . B. cereus is a common food poisoning bacteria and is important in the food industry since it produces heat resistant spores. Certain strains of B. cereus produce cereulide, which is a toxin that can cause lethal food poisoning (Granum, 1994) . L. monocytogenes is a pathogen that causes severe illness, listeriosis, which is especially dangerous for pregnant women, infants, and immunocompromised persons (Kawasaki et al., 2005) .
Rapid and sensitive detection is a critical issue in public health policy, but traditional standard culture detection methods for food poisoning bacteria are time-consuming and labor intensive. To overcome these problems, a number of rapid and sensitive detection methods were developed. Polymerase chain reaction (PCR) assay is one of the most attractive and prominent methods and many scientists have examined specific detection of various food poisoning bacteria by targeting genus or strain specific genes (Miyamoto et al., 2002) . In the past decade, improved PCR assays, multiplex PCR (Kong et al., 2002) , and real-time PCR (Jothikumar et al., 2003; Kawasaki et al., 2005) , have been developed for the detection of food poisoning bacteria, and specificity and rapidity of the assays have been improved dramatically. Furthermore, in the past few years, a number of simultaneous detection methods for food poisoning bacteria have been reported, but the assays have focused on two, or three different bacterial species (Bailey and Nelson, 1992; Sharma and Carlson, 2000; Wang et al., 2004; Yong and Mustapha, 2004) . Even these rapid detection methods still require an enrichment procedure to grow the target bacteria to sufficient cell density for subsequent detection methods. These methods also require different growing media and conditions according to the nature of the target bacteria.
In contrast to progress in the post-enrichment steps of detection, little attention has been paid to the development of the basis of detection, the enrichment procedure. In this study, we developed and evaluated a single-enrichment broth for the simultaneous screening of six major food poisoning bacteria, Salmonella spp., E. coli O157:H7, V. parahaemolyticus, S. aureus, emetic B. cereus and L. monocytogenes. After cultivation, multiplex real-time PCR assay was performed for screening of the target bacteria.
Materials and Methods
Bacterial strains and culture media Salmonella Enteritidis IFO 3313 and Staphylococcus aureus IFO 3060 were purchased from the Institute for Fermentation (Osaka, Japan). Escherichia coli O157:H7 and Vibrio parahaemolyticus WP-1 were kindly provided by the Fukuoka City Institute for Hygiene and Environment (Fukuoka, Japan). Bacillus cereus No. 55 was kindly provided by Dr. Sinagawa (Department of Agriculture, Iwate University, Japan). Listeria monocytogenes 1 serotype 4b was isolated in our laboratory. S. Enteritidis, E. coli O157:H7, B. cereus, and L. monocytogenes were maintained on standard method agar (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) at 4℃. S. aureus was maintained on standard method agar supplemented with 3% NaCl (Nacalai Tesque Inc., Kyoto, Japan). V. parahaemolyticus was maintained on standard method agar supplemented with 3% NaCl at 25℃. A pure culture of each bacterium was prepared by inoculating a single colony of each bacterium in fresh tryptic soy broth (TSB; Becton Dickinson and Company, Sparks, MD) for S. Enteritidis, E. coli O157:H7, B. cereus and L. monocytogenes, and TSB supplemented with 3% NaCl for S. aureus and V. parahaemolyticus for 16 h at 37℃ with continuous agitation.
Enumeration of viable cell number The viable cell number of each bacterium was counted by a plating method using selective media for respective bacteria. Cultures of each bacterium were serially diluted with sterile PBS, and 100 μl dilutions were spread over DHL agar (Nissui Pharmaceutical) for S. Enteritidis, Sorbitol MaConkey agar (Oxoid Ltd., Hampshire, UK) for E. coli O157:H7, TCBS agar (Nissui Pharmaceutical) for V. parahaemolyticus, Mannitol salt agar (Nissui Pharmaceutical) for S. aureus, NGKG agar (Nissui Pharmaceutical) for B. cereus, and Oxford agar (Oxoid) for L. monocytogenes. After incubation at 37℃ for 24 h, the colonies formed were counted. Viable cell number is represented as colony forming unit (cfu).
Growth of target bacteria in TSB supplemented with NaCl Overnight cultures of each bacterium were simultaneously inoculated in TSB, and TSB supplemented with 1.5 or 3.0% NaCl at an initial inoculation level of 1-10 cfu/mL. After incubation for 18 h at 37℃, the viable number of each bacterium was counted.
Growth of L. monocytogenes in the presence of S. aureus, S. Enteritidis, E. coli O157:H7, V. parahaemolyticus, or B. cereus Overnight cultures of L. monocytogenes and S. aureus, S. Enteritidis, E. coli O157:H7, V. parahaemolyticus, or B. cereus were inoculated simultaneously in 225 mL of TSB supplemented with 1.5% NaCl at an initial inoculation level of less than 10 2 cfu/mL, and incubated for 18 h at 37℃. The growth of each bacterium was counted every 2 h by a plating method using selective agar for each bacterium. The changes in culture pH were also measured. Every 2 h, 5 mL of the culture was withdrawn, centrifuged at 5,000 × g for 5 min, and the pH of the supernatant was measured. Growth of L. monocytogenes in TSB supplemented with 1.5% NaCl at various pHs An overnight culture of L. monocytogenes was inoculated in 10 mL of TSB supplemented with 1.5% NaCl at pH 4.5, 5.0, 5.5, 6.0, 6.5, or 7.0 at an initial inoculation level of 1-10 cfu/mL. After 18-h incubation at 37℃, the viable cell number was counted. The pH of the media was adjusted with HCl.
Enrichment of target bacteria in Simultaneous Enrichment Broth (SEB) Overnight cultures of each bacterium were simultaneously inoculated in 225 mL of simultaneous enrichment broth [SEB; 1.7% trypton peptone (Becton Dickinson), 0.3% bacto-soytone (Becton Dickinson), 0.25% K 2 HPO 4 (Nacalai Tesque), 3% NaCl, and 0.05% Dried Yeast Extract D-3 (Nihon pharmaceutical Co., Ltd., Tokyo, Japan)] at an initial inoculation level of less than 10 cfu/mL. After incubation for 18 h at 37℃, the viable cell counts for each bacterium were determined.
Genomic DNA extraction from culture Overnight cultures of each bacterium were simultaneously inoculated in 225 mL of SEB. After 18-h incubation at 37℃, 1.0 mL of the culture was withdrawn and cells were harvested by centrifugation at 12,000 × g for 5 min at 4℃ and resuspended in 1.0 mL of TE buffer. Genomic DNA was extracted using a DNeasy Tissue kit (Qiagen., Tokyo, Japan) according to the manufacture's method for Gram-positive bacteria, except that the lysis buffer was supplemented with 1 mg/mL N-acetylmuramidase (Seikagaku Co., Ltd., Tokyo, Japan).
Oligonucleotide primers and probes The target genes for each bacterium were: thermolabile nuclease (nucA) for S. aureus (Ramesh et al., 2002) , invasion protein (invA) for Salmonella spp. (Jofre et al., 2005; Rahn et al., 1992) , adherence factor (eaeA) for E. coli O157:H7 (Deng and Fratamico, 1996; Fratamico and Strobaugh, 1998) , thermolabile hemolysin (tl) for V. parahaemolyticus (Bej et al., 1999) , cereulide synthetase (crs) for B. cereus (Hayashi et al., 2006; Miyamoto and Kamikado, 2007) , and listeriolysin A (hlyA) for L. monocytogenes (Rodrizuez-Lazaro et al., 2004) . Nucleotide sequences, location, and the sizes of PCR products are shown in Table 1 . Specificity of each of the primer sets used in this study has been well examined and reported.
Multiplex real-time PCR conditions Multiplex real-time PCR assay was performed in 2 tubes with a total volume of 25 μl. The reaction mixture commonly contained 0.625 U of Ex Taq (Takara Bio Inc., Shiga, Japan), 2 μl of 10x buffer for Ex Taq (Takara Bio), 200 μM of each deoxynucleotide triphosphate (Takara Bio), 0.5 μl of 50x ROX reference dye (Takara Bio), and 2 μl of genomic DNA solution extracted from the culture. Additionally, one tube contained 200 nM of each primer and fluorogenic probe for hlyA, nucA, and eaeA, and the other tube contained 200 nM of each primer and probe for tl, invA and crs. Amplification and detection were carried out in a Mx 3000P QPCR system (Stratagene Co. Ltd., La Jolla, CA, USA) with 40 cycles of template DNA denaturation at 95℃ for 15 sec, primer-template annealing at 55℃ for 20 sec, and primer extension at 72℃ for 20 sec. The genomic DNA (5 ng) of each bacterium was used instead of the DNA extracted from the culture to provide a positive control to monitor the reaction. Sterile water was used instead of template DNA to provide a negative control to monitor the contamination of external DNA in the PCR reagents in each multiplex real-time PCR reaction. Conventional agarose gel electrophoresis was performed to confirm that the PCR reaction amplified the correct target gene. An aliquot (10 μl) of the PCR reaction mixture was analyzed by gel electrophoresis in a 1.5% agarose gel in 40 mM Trisacetate buffer containing 1 mM EDTA (TAE) at 3 V/cm 2 for 45 min. The gel was stained in 10 μg/mL ethidium bromide solution and visualized with a UV transilluminator. A 100-bp ladder marker (New England Bio Labs, Beverly, MA, USA) was used for estimation of the size of the PCR products.
Screening of target bacteria from food samples Food samples were purchased from a city market in Fukuoka, Japan. Twenty-five grams of food sample was homogenized in 225 mL of SEB for 30 s and incubated for 18 h at 37℃. Bacterial genomic DNA was extracted from the culture as described in the "genomic DNA extraction from culture" section and multiplex real-time PCR was carried out as described in the "Multiplex real-time PCR condition" section. After 40 cycles of amplification, samples with a fluorescent intensity 10-fold higher than the standard deviation of the mean baseline emission were determined to be positive for the target bacteria. The food samples were also subjected to conventional methods to verify natural contamination of tar- a FAM, TAMRA, HEX, 4, 4', 5', 7, Black Hole Quencher. V. parahaemolyticus Table 1 . Nucleotide sequence of primers and probes for target bacteria.
get bacteria. Conventional methods for the detection of target bacteria in the food samples were performed according to the inspection guidelines for food sanitation (Japan food hygiene association, 2004).
Results

Growth of target bacteria in TSB supplemented with various concentrations of NaCl
The growth of target bacteria is shown in Fig. 1 . TSB supported the growth of S. Enteritidis, E. coli O157:H7, B. cereus, and S. aureus to a sufficient cell density (more than 10 4 cfu/mL) required for template DNA preparation, but did not support the growth of V. parahaemolyticus (less than 10 cfu/mL). The growth of each bacterium in TSB was supplemented with 1.5% NaCl. The growth of V. parahaemolyticus was dramatically improved compared to that in TSB without NaCl. The growth of S. Enteritidis, E. coli O157:H7, and B. cereus was not affected by the addition of 1.5% NaCl in TSB. In the case of TSB supplemented with 3.0% NaCl, the growth of S. Enteritidis and E. coli O157: H7 showed an approximately 1,000-fold decrease compared to that in TSB. In contrast, the growth of S. aureus, V. parahaemolyticus, and B. cereus was not suppressed in TSB supplemented with 3.0% NaCl. However, viable counts of L. monocytogenes did not increase more than 10 3 cfu/mL in the presence of other target bacteria in either broth. Growth of L. monocytogenes in the presence of other bacteria in TSB supplemented with 1.5% NaCl and the changes in pH of the culture As shown in Fig. 2a to 2d , when L. monocytogenes was co-incubated with S. aureus, S. Enteritidis, E. coli O157:H7, or V. parahaemolyticus, viable counts of both L. monocytogenes and the other bacteria increased to more than 10 7 cfu/mL after 18 h. The pH of the culture remained constant until 12 h and decreased to pH 6 after 18-h of incubation. On the other hand, when L. monocytogenes was co-incubated with B. cereus (Fig. 2e) , viable counts of L. monocytogenes did not increase to more than 10 4 cfu/mL, whereas those of B. cereus increased to more than 10 7 cfu/mL after 18 h. The pH of the culture gradually decreased to pH 6.5 at 10 h, and thereafter the pH decreased sharply to 5.5 at 12 h. Growth of L. monocytogenes in TSB supplemented with 1.5% NaCl at various pHs As shown in Fig. 3 , viable counts of L. monocytogenes increased to more than 10 7 cfu/ h. koBaYaShi et al. Viable cell nu 1 < Fig. 1 . Mixed culture of six food-poisoning bacteria in TSB supplemented with NaCl. S. aureus, S. Enteritidis, E. coli O157:H7, V. parahaemolyticus, B. cereus and L. monocytogenes were inoculated simultaneously in TSB, TSB supplemented with 1.5% NaCl, or TSB supplemented with 3.0% NaCl and incubated at 37℃ for 18 h. Bars: ■, TSB; ■, TSB supplemented with 1.5 % NaCl; □, TSB supplemented with 3.0% NaCl. Error bars indicated standard deviation of the mean (n = 3). An arrow indicates a data point below the detection limit (< 10 cfu/mL). were inoculated simultaneously in 225 mL TSB supplemented with 1.5% NaCl and incubated at 37℃ for 18 h. Viable counts and pH were measured every 2 h. Bars and Symbols: □, L. monocytogenes; ■, each of other bacteria; ▲, pH. monocytogenes were inoculated in 10 mL of TSB supplemented with 1.5% NaCl of various pH and incubated at 37℃ for 18 h. Viable counts and pH were measured after the incubation. Error bars indicated standard deviation of the mean (n = 3). An arrow indicates a data point below the than detection limit (<10 cfu/mL). Viable cell count (log cfu/ml) mL after 18-h incubation in TSB supplemented with 1.5% NaCl at pH 5.5 or above. In contrast, the viable cell number of L. monocytogenes did not increase at all when incubated at pH 4.5 and 5.0 in TSB supplemented with 1.5% NaCl.
Growth of six target bacteria in SEB As shown in Fig.  4 , viable counts of all target bacteria increased to more than 10 6 cfu/mL, which is a sufficient cell density to prepare template DNA for PCR amplification. Furthermore, when L. monocytogenes was co-incubated with B. cereus in SEB, viable counts of L. monocytogenes increased to more than 10 5 cfu/mL after an 18-h incubation, which is 10 times higher than that incubated in TSB supplemented with 1.5% NaCl. In addition, the pH of the culture only slightly decreased from the initial pH 7.3 to 6.8 after an 18-h incubation (Fig. 5) . SEB was selected as the enrichment broth for the following experiments.
Simultaneous screening of all target bacteria by multiplex real-time PCR from mixed pure culture All of the target bacteria were simultaneously inoculated in 225 mL of SEB at an initial inoculation level of 1-10 cfu/mL and incubated for 18 h at 37℃. Genomic DNA were prepared from the culture and used as the template. Figure 6 shows a typical amplification curve of multiplex real-time PCR using the existing primers and probes. A fluorescent signal 10-fold higher than the standard deviation of the mean baseline emission was indicative of a positive result. All the target genes were successfully amplified and detected. The multiplex PCR assay could be completed within 6 h, including template DNA preparation.
Detection limit of 6 target bacteria by enrichment in SEB followed by multiplex PCR To determine the detection limit of 6 target bacteria by the enrichment in SEB followed by multiplex PCR in food, 25 g of chicken (fillet and leg) boiled at 100℃ for 10 s was inoculated with all target bacteria at initial inoculation levels of 0, 1-10, 10-100, or 100-1,000 cfu/25 g and incubated for 18 h at 37℃. Genomic DNA was prepared from the culture and subjected to real-time PCR assay. The absence of the 6 target bacteria in uninoculated boiled chicken was confirmed by conventional methods for each bacterium. As shown in Table 2 , detection limits of each bacterium were 36 cfu/25 g for S. aureus, 5.3 cfu/25 g for S. Enteritidis, 2.9 cfu/25 g for E. coli O157:H7, 2.0 cfu/25 g for V. parahaemolyticus, 5.5 cfu/25 g for B. cereus, and 6.2 cfu/25 g for L. monocytogenes. Simultaneous screening of all target bacteria by multiplex real-time PCR from food samples All target bacteria were simultaneously inoculated in 225 mL of SEB mixed with 25 g of food sample, such as chicken breast, sea bream, or lettuce, at an initial inoculation level of 10-100 cfu/g and incubated for 18 h at 37℃. Table 2 summarizes the screening of target bacteria from each artificially contaminated sample. The absence of the target bacteria in food samples had been confirmed by conventional methods prior to the test. Although the viable counts of the endogenous bacterial flora of food samples were 1,000-100,000 times higher than that of the inoculated bacteria, all target bacteria were successfully enriched in SEB and detected by multiplex real-time PCR assay.
Comparison of the present screening method, SEB enrichment followed by multiplex PCR, and conventional methods To evaluate the present screening method, utilizing SEB enrichment followed by multiplex PCR, results obtained from the present method and conventional methods from various food samples without artificial contamination were compared. As shown in Table 3 , the results obtained from the developed method agreed with conventional methods in most food samples. Remarkable agreement was seen in the detection of target bacteria from chicken fillet, which had been naturally contaminated with four target bacteria, S. aureus, Salmonella spp., B. cereus, and L. monocytogenes. However, the present method was not able to detect S. aureus from chicken breast, beef, minced beef, beef chitterlings, and pork leg, and L. monocytogenes from chicken breast.
Discussion
Food poisoning bacteria are drawn from a wide range of bacterial species that are very different in auxotrophy, metabolism, and growth conditions. Diversities in such basic characteristics of bacteria make simultaneous enrichment more difficult because we have to select optimum enrichment broth according to the bacterial species to be enriched before subsequent rapid detection. Cloak et al. (1999) also pointed out this problem and succeeded in enriching three different species, Listeria spp, Salmonella spp, and Yersinia spp, simultaneously by using buffered peptone water. Zhao et al. (2001) developed universal pre-enrichment broth for the detection of S. Typhimurium, S. Enteritidis, E. coli O157:H7, and L. monocytogenes. In the present study, we designed an enrichment broth for the simultaneous screening of six major food poisoning bacteria, including S. Enteritidis (Gram-negh. koBaYaShi et al. For the screening of media for simultaneous screening of target bacteria, we started with Tryptic soy broth (TSB; 1.7% peptone from casein, 0.3% peptone from soymeal, 0.25% dextrose, 0.5% NaCl, and 0.25% K 2 HPO 4 ). TSB is reported to support the growth of a wide variety of microorganisms, including common aerobic, facultative and anaerobic bacteria (MacFaddin, 1985; Marshall, 1993) , and is recommended for testing bacterial contaminants in cosmetics (Curry et al., 1993) and complies with established standards in the food industry (Downes and Ito, 2001 ). In addition, it is a base component of UVM broth, which is a selective medium for L. monocytogenes. However, TSB (supplemented with NaCl) did not support the growth of all six target bacteria simultaneously, especially L. monocytogenes (Fig. 1) . The results of co-enrichment of L. monocytogenes and the other target bacteria revealed that the presence of B. cereus inhibited the growth of L. monocytogenes. When L. monocytogenes was co-incubated with B. cereus, the pH of the culture decrease to below pH 5.5 (Fig. 2e) . Nakata and Halvorson (1960) reported that glucose in the medium was rapidly oxidized to pyruvic acid and acetic acids, which accumulated in the medium and caused a decrease in culture pH during the growth of B. cereus. L. monocytogenes is not remarkably acid tolerant and cannot grow at a pH below 4.5 to 4.6 (McClure et al., 1989) . Kawasaki et al. (2005) reported that the growth of L. monocytogenes was limited to a pH below 5.1 and a lower concentration of glucose was important in maintaining the pH of the culture. We also observed that L. monocytogenes could not grow at a pH below 5.5 in TSB supplemented with 1.5% NaCl (Fig. 4) . These facts indicate that the growth limitation of L. monocytogenes in the presence of B. cereus was caused by acids generated due to the growth of B. cereus in medium that contains glucose. To overcome this issue, we designed a novel enrichment medium (SEB) that does not contain glucose, but yeast extract. Yeast extract contains various vitamins, minerals, and nucleic acids. It has also been reported that 0.6% yeast extract promoted the recovery of injured L. monocytogenes (Budo-Amoako et al., 1992; Busch and Donnelly, 1992) . The developed medium supported the growth of all target bacteria from less than 10 cfu/mL to more than10 5 cfu/mL in 18 h. Furthermore, enrichment in SEB and subsequent multiplex real-time PCR assay using the existing primers and probes for each species and DNA extracted from the culture could simultaneously detect all target bacteria from artificially contaminated food samples within 24 h.
The screening method using SEB enrichment and subsequent multiplex real-time PCR was comparable to the conventional method in most food samples (Table 3) . Remarkable agreement was observed in the detection of target bacteria from chicken fillet, which was naturally contaminated with four target bacteria, S. aureus, Salmonella spp., B. cereus, and L. monocytogenes. To detect these bacteria, the conventional method requires four tests with different media and different conditions, whereas the present screening method requires only a single test, medium, and condition. This simplified procedure is the greatest advantage of the present screening method. However, the present screening method was not able to detect S. aureus from chicken breast, beef, minced beef, beef chitterlings, and pork leg. The Most Probable Number (MPN) of these samples revealed that initial S. aureus contamination level of these samples was 7 MPN/25 g, which was below the limits of the present screening method for S. aureus (36 cfu/25 g). But we assume this detection limit for S. aureus is acceptable, since the food sanitation law of Japan allows the presence of a S. aureus contamination level of 100 cfu/g in most food. The present assay also failed to detect L. monocytogenes from chicken breast, whose natural contamination level was probably below the detection limit of the assay (6.2 cfu/25 g). Efforts will be made to improve the detection limit of the assay.
Among the bacterial species tested in this study, V. parahaemolyticus would rarely co-exist with other bacterial species in food samples, since it is a marine bacterium. However, our results showed the potential of SEB as a universal enrichment broth for the enrichment of major food poisoning bacteria from a variety of foods (meat, fish and vegetable). Further investigation is needed to determine whether SEB, which contains 0.05% yeast extract supports the recovery of injured target bacteria, since injured bacteria are reported to become sensitive to some reagents that are found in media, including NaCl (Kobayashi et al., 2005) . Examination of yeast extract concentration would be needed to promote the recovery of injured bacteria.
The combination of enrichment in SEB and multiplex real-time PCR assay using the existing primers and probes for each species provides a promising alternative for the screening of major food poisoning bacteria. The whole procedure can be readily completed within 24 h. Since all 6 bacteria can be enriched in a single medium to the counts above the lower limit of detection by PCR, this would be advantageous in terms of cost and operation of screening for food poisoning bacteria. Furthermore, multiplex real-time PCR will reduce the amount of reagents (only 2 tubes were required for the detection of 6 bacteria) for PCR, cut down on labor, and shorten the time required for the screening of pathogens.
Another advantage of real-time PCR is that it does not require toxic ethidium bromide for the visualization of PCR products, where usage would be unfavorable in food factory. The commercially available PCR detection kit for each of the target bacteria could also be applied for the screening of the 6 target bacteria after enrichment in SEB.
Our ongoing studies focus on the assessment of SEB for the enrichment of pathogens from various kinds of artificially and naturally contaminated food samples, combined with single and multiplex real-time PCR using commercially available primers and probes for each target bacterium.
